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(54) Oxide superconductor and method of manufacturing the same 



(57) An oxide superconductor comprises a base 
material (11) consisting of a single crystalline oxide an 
oxide superconductor film (2B) consisting of a Y123 
compound and formed on the single crystalline oxide 
base material (11). and a coating film (3) consisting of 



an oxide containing a Ba-Cu-O oxide as a main compo- 
nent and covering the surface of the oxide supercon- 
ductor film (2B). the coating film (3) having a thermal 
expansion coefficient higher than that of the oxide su- 
perconductor film (2B) 
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Description 

~ne present nvent-cn -e .r.;es to an cx:ee sucercor- 
ouctcr ane a .-retrod of manufacturing the same 

T o nliow an cxiae s^ce 'conductor to transport a 
iarge CLir.-en: the oxide superccnauctcr is required to 
be h:gh;y oriented :o exhibit an electromagnetic amsot- 
rooy and to be less in gram boundary acting as a vveaK 
!mk To meet these requirements si was customary m 
the oast tc form an oxioe superconauctor film p y vapor 
chase growth on an onentec oxide and.cr metal sub- 
strate 

However the deposit. on rate of the oxide supercon- 
ductor him is considerably low in the vapor phase grow- 
ing method leading to a long time required for 'orming 
a film thick encugn to transport a large current. In acds- 
tion the vapor chase growing method :s known to bring 
aPcut coor orientation and increased gram boundaries 
with increase in the thickness of the oxide superconduc- 
tor fnm i Jen J Appl Pnys Vol 3l d 992) pp 270Q-271 5 
and Suoercond Sci Techno! =: 1 993'i pp 23-29 Print- 
ed m :he UK) The vapor phase growing method is also 
known to give rise to cracks in the formed superconduc- 
tor fum. ieadmg to breakage of the current path with in- 
crease in the thickness of the film 

A measure for solving the above-notec problems is 
proposed in for example Japanese Patent Disclosure 
iKoKauNo 5-321694 Specifically it is proposed to form 
an oxide superconductor film on a substrate by liquid 
phase epitaxy This method certainly permits forming a 
relatively thick oxide superconductor film which is less 
m gram boundary, in a short time However it is impos- 
sible to eliminate completely the cracks occurring in the 
oxide superconductor film leaving room for further im- 
orovement m. the critical current aensity of the oxide su- 
perconductor film 

An object of the present invention is to suppress the 
crack occurrence in an oxide superconductor film so as 
to improve the critical current density of tne film 

According to an aspect of the present invention, 
there is provided an oxide superconauctor comprising 
a base material consisting of a single crystalline oxide 
an oxide superconductor film formed on the oxioe base 
material and a coating fum covering the surface of the 
oxide superconductor film the coating film having a 
thermal expansion coefficient higher than that of the ox- 
ide superconductor film 

According to another aspect of the present inven- 
tion there is proviced a method of manufacturing an ox- 
iae superconductor comprising the steps of forming an 
oxide superconductor film by a liquio phase growing 
methoc on a base material consisting of a single crys- 
talline oxide and forming a coattng film by a melt solid- 
ifying method to cover the surface of the oxide super- 
conductor film 

In the present invention, an oxide superconductor 
fifm is covered with a coating film having a thermal ex- 
pansion coefficient higher than that of the oxide super- 



conauctor fum with ;he result that the crack" occurence 
m tne ox'de superconductor turn -s sucp resseo I; "olows 
that there ex'sts less gram ccunoanes wnicr act as 
weak 'inks leading to an im Droved critical current cer- 
^ s.ty of the SwOerconcuctor fum 

This invention can be more fully understood from 
the following detatlea descr.puon when taken in con- 
iunc:;on with the accompanying drawings in whicn 

'° PIG l is a cross sectional view snow-no the struc- 

ture of an ox.ee superconauctor octamec m Exam- 
pie i 

-:G 2 is a cross sectional view shewing the struc- 
ture of an cxide superconductor obtained sn Exam- 

?5 pie 2 

FiG 3 is a graon showing the reiaticnsnip between 
the magnetic ? iela and critical current of an oxioe 
suoerconaucior obtained in Example 2 and 
-IG - is a graph snowing the relationship between 

20 the temperature and resistance o; an oxide super- 

conductor of comparative example 

The present invention provides an oxide supercon- 
ductor comprising a base material consisting of a single 
25 crystalline oxide an oxide superconductor film formed 
on the oxioe base material, and a coating film covering 
the surface of the oxide superconductor film 

In the present invention a single crystalline oxioe 
such as yttna-staoilized zircon la < YSZ) or 3rTO- can be 
:c usea asa base material Tne shape of the base material 
is not particularly limited in the present invention that 
is the base material can be in the form of. for example 
a substrate or a fiber 

It is possible to use as an oxide superconauctor a 
25 so-called "1 -2-3 compound" represented by the general 
formula given below 

REBa„Cu-0- 

-iO 

where RE denotes at least one element selected 
from the group consisting of Y and rare earth elements 
and 0 r- x ^ 1 A specific example of the 1-2-3 com- 
pound is YBa 0 Cu-G 6 ^ hereinafter referred to as 
45 " Yl2 3" 

An oxide containing Ba-Cu-O as a mam component 
can be used as a coating material It should be noted 
that the Ba-Cu-O oxide has a thermal expansion coef- 
ficient higher than that of Y123 crystal 

50 The oxide superconductor of the present invention 

can be manufactured as follows In the first step an ox- 
ide superconductor film, e g a Y123 film is formed by 
a melt growing method on the surface of a single crys- 
talline oxtde base material To be more specific, flux 

^5 which consists of BaO CuO and so on and a raw ma- 
terial of an oxide superconductor such as Y211 com- 
pound are melted in a crucible In this step, a melt of the 
raw material of the oxide superconductor is present in 
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a bottom 'pcrison of the crucible and a melt containing 
mainly a Ba-Cu-O oxiae is present in an upper portion 
of the crucible Under this condition the base material 
is brought into contact with the melt to permit the Y123 
compound which is migratea through the meit to be de- 
posited on the base material to form a Y1 23 him When 
the Y123 film has grown to have a desired thickness 
the base material is moved away from the meit In mov- 
ing the base material away from the melt the melt of the 
Ba-Cu-O Pased oxide is solidihea to form a coating film 
A homogeneous coating fiim can be obtained by con- 
trolling, for example the temperature of the melt and the 
time required for moving the base material away from 
the melt A homogeneous coating film can be formed in 
the case of using a fiber as a base material oecause the 
fiber has a relatively small diameter and a large surface 
area per unit volume and. thus to a good cooling effi- 
ciency Incidentally formation of a coating fiim was not 
considered to be desirable in the past 

Where a coating film having a high thermal expan- 
sion coefficient is formed to cover the surface of an oxide 
superconductor film, eg Y123 film, as in the present 
invention a compressive stress caused by shrinkage of 
the coating film acts on the oxide superconductor 'nm 
so as to suppress crack occurrence in the oxide super- 
conductor film 

Examples 

Let us describe the present invention more in aetail 
with reference to the accompanying drawings 

Example 1 

FIG i is a cross sectional view showing an oxide 
superconductor prepared in this Example As shown in 
the drawing, an oxide superconductor film 2 consisting 
of a Y1 23 seed crystal 2A and a Yi23 film 2B is formed 
on a substrate 1 consisting of a YSZ single crystal Fur- 
ther, a coating film 3 consisting of an oxide containing a 
Ba-Cu-O oxide as a main component is formed to cover 
the upper surface of the oxide superconductor film 2 
The coating film 3 has a thermal expansion coefficient 
higher than that of the oxide superconductor film 2 

The superconductor shown in FIG 1 was prepared 
as follows In the first step a Y123 seed crystal 2A was 
formed in a thickness of about 1 00 to 200 nm by a pulsed 
laser deposition (PLD) technique on the substrate 1 con- 
sisting of YSZ having (100) plane on the surface The 
seed crystal 2A was to be used as a seed in the subse- 
quent step of depositing a Y1 23 film by liquid phase epi- 
taxy (LPE) Then, 100g of YBa 2 Cu 3 0 6+x . 65g of BaO 
60g of CuO and 6g of BaF 2 were loaded in an yttria 
crucible followed by heating the crucible in an electric 
furnace to 300 to 1.000°C so as to melt the materials 
Under this condition, the substrate 1 was kept in contact 
for 10 minutes with the melt whose surface temperature 
was set at about 930C while rotating the substrate 1 at 



100 rprn so as to deposit a Y123 him 2B m a thickness 
of 2 to 10 urn on the Yl 23 seed crystal 2A Further the 
substrate 1 was moved away from the melt surface wmie 
keeping the substrate 1 horizontal so as to solidify the 
= ox;de material containing as a main component a Ba- 
Cu-O oxide thereby forming a coating film 3 in a thick- 
ness of about 0 1 to 0 5 mm The resultant structure was 
taken out of the electric furnace and cooled to room tem- 
perature 

'0 The resistance of the resultant sample between 

both ends of the YSZ substrate was found to be about 
10Q supporting a relatively high electrical conductivity 
This aiso supports that cracks did not occur in the Yl 23 
film 

!S For comparison a film structure was prepared by 

forming a Y ■ 23 seed crystal 2 A and a Y1 23 film 2B on 
a YSZ substrate 1 but without forming a coating film 
The structure was taken out of an electric furnace and 
cooied to room temperature When the Y1 23 film 2B was 
20 observed with an optical microscope cracks were found 
in the Y1 23 film Further the structure was subjected to 
a heat treatment at 500°C for 100 hours undera flowing 
oxygen for imparting a superconductivity to the Y123 
film. When the Y123 film was observed with an optical 
25 microscope innumerable cracks were found in the film 
supporting that cracks are increased after annealing un- 
der a flowing oxygen Still further according to meas- 
urement of magnetization with superconducting quan- 
tum interference device (SQUIDl transition to super- 
30 conducting state was found to take place in the Y123 
film at 90K. However when resistance between both 
ends of the YSZ substrate was measured at room tem- 
perature current was not detected 

It has aiso been confirmed that, in the case of form- 
^5 mg a coating film cracks do not occur in the supercon- 
ductor film even after annealing under a flowing oxygen 

Example 2 

-to FIG 2 is a cross sectional view showing the oxide 

superconductor prepared in this Example As shown in 
the drawing a Y123 seed crystal 2A is formed to cover 
a half of the circumferential surface of a fiber 11 consist- 
ing of a YSZ single crystal Also a Y123 film 2B is 

-5 formed on three regions of the Yl23 seed crystal 2A 
Further a coating film 3 is formed to cover the entire 
surface of the fiber 11 including these oxide supercon- 
ductor ftlms The fiber type oxide superconductor can 
be applied for a superconducting wire 

so The fiber type oxide superconductor was prepared 

as follows In the first step the fiber 11 about 3 cm long 
was prepared by cutting a YSZ single crystal fiber about 
22 cm in length and about 0 30 to 0 40 mm in diameter 
which was prepared by laser pedestal growth technique 

55 using a C0 2 laser The crystal orientation of the fiber 
was (100) or (110). 

The Y1 23 seed crystal 2A was formed in a thickness 
of about 100 to 200 nm to cover a half of the circumfer- 
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em.ai 5-_."TrtCe o r me fibe' * " cy « puised : ase r ^epos.jon 
i?LD. technique =s m rx^r.cie : On me ome' n^nc 
materials ecuai :c mose m Examoie * were oaoec m 

yiir.s cuc:G;e dnc medec oy neatmc ,n -r eiectric 
Jumace ;c SCO :c i OGCC ~hen a noide r maae c; a 
MgO smgie cysteii ana horizontally nciamg the fiber 11 
a; both sncs of the fiber 1 i was -"Ounteo to s :Owe r end 
of a rotary snaf; onder this condition the r ibe r 1 : was 
brought rr.to contact with the melt so as :c permit growth 
oi" the V 123 fi:m 2B on the V 12G seec crystai 2A whiie 
rotating me fibe.- 1 1 within a horizontal piane m this step 
the Y123 film 2B raving a width or 50 to 1CC urn and a 
thickness of 1C :c 20 um was founa to grow on three 
regions of the Y 1 23 seec crystal 2A Then the Fiber 11 
was moved upward away from the melt surface such 
that the 'iber n was kept horizontal so as to allow the 
melt of the 3a-Cu-0 based oxide to be solidified thereby 
forming a coating film 3 having a thickness of about 100 
to 200 am ana covering the entire surface of the fiber 1 1 

It snould be noted that, if the fioer 11 is moved up 
slightly the meit surface is upheaved by the surface ten- 
sion of the melt so as to permit the melt to be kept in 
contact with the fiber. The upheaved portion of the melt 
is coolea to temperatures somewhat lower than the 
melting point of the melt It follows that a temperature 
gradient is imparted to the upheaved portion of the melt 
m accordance with the height of the upheaval in order 
to make the coating film 3 satisfactory the fiber 11 is 
moved away from the melt surface sucn that the fiber 
11 is keot in contact with the upheaved portion of the 
meit for 20 seconcs to 2 minutes During the procedure 
the fiber temperature falls within a range between a level 
immediately neiow the melting point and 50 3 C oelow the 
melting point of the melt Also it is desirable for the coat- 
ing film 3 to have a thickness of at least 10 urn If the 
thickness of the coating film 3 is less than 10 urn. which 
is substantially equal to or thinner than the oxide super- 
conductor film the coating film 3 fails to produce the ef- 
fect of suppressing the cracK occurrence in the oxide 
superconductor fnm On the other hand, it is very difficult 
to form uniformly a coating film having a thicnness ex- 
ceeding 300 um on the fiber surface 

The resistance of the resultant sample was found 
to be zero in the vicinity of 90K Also the critical current 
under the liquid nitrogen temperature was found to be 
about 1 A 

FIG 3 is a graph showing the relationship between 
the magnetic fielaand the critical current of the resultant 
Y123 film As seen from the graph the critical current is 
gradually decreased with increase <n the magnetic field 
This supports that a weak link is not produced between 
the superconducting grams, and that cracks do not oc- 
cur in the Y123 film 

For comparison, a film structure was prepared by 
forming a Y123 film on a YSZ fiber, but without forming 
a coating film on the Yl 23 film FIG. 4 is a graph showing 
the relationship between the temperature and the resist- 
ance of the resultant Y123 film As shown in the graph. 



droop ing c resistance accompany ma me transit. or mtc 
a Superconcuct.ng state is recognizee m. tre vic.mty of 
rOK ncwever the Y*£3 fnm was ''ounc to exnic-t ^ re- 
s. stance of about Ui eve" a: ;ne ociimg ccm; o' ncuic 
= mirogen and thus the critical current was ze'e T-ese 
experimental oata are considered tc support the cracK 
occurrence m the Y123 fnm 



Claims 

1. An oxide superconductor characterized by com- 
prising 

1 - a oase material m 1 1 ; consisting of a single 

crystalline oxide 

an oxide superconductor film <2S':> formed on 
saic single crystalline oxiae base material ;1 
and 

:o a coating film ;3'i covering the surface of saio 

oxide superconductor film (23) said coating 
fiim (3) having a thermal expansion coefficient 
higher than that of the oxide superconductor 
film (2Bi 

2. The oxide superconductor according to claim 1 
characterized in that said coating film (3) consists 
of an oxide 

JO 3. The oxide superconductor according to ciaim 2 
characterized in that said coating film (3) consists 
of an oxide containing a Ba-Cu-O oxide as a main 
component 

35 4. The oxide superconductor according to claim 1 
characterized in that said oxide superconductor film 
(2B) consists of a 1-2-3 compound represented by 
the general formula given below 

+ 0 

REBa^Cu-O,. 

wnere RE denotes at least one element se- 
lected from the group consisting of Y and rare earth 
-5 elements, and 0 % x 1 

5. The oxide superconductor according to claim 1 
characterized in that said base material ( 1 11 ) con- 
sists of yttria-stabilized zirconia or SrTiG- 

50 

6. The oxide superconductor according to claim 1 
characterized in that said base material (11) is in 
the form of a fiber 

ss 7. A method of manufacturing an oxide superconduc- 
tor, characterized by comprising the steps of: 

forming an oxide superconductor film (2B) by a 
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liquid phase growing method on a base male- 
rial (1 11) consisting of a single crystalline ox- 
ide and 

forming a coating film (3) by a melt solidifying 
method to cover the surface of the oxide super- 
conductor him (2B) 

8. The method according to claim 7 characterized in 
that 

said oxide superconductor turn, i'2B) consists of 
a 1-2-3 compound represented by the general 
formula given oelow 

RESa^Cj.O- 



wnere RE denotes at least one eiement select- 
ee from the group consisting of Y ana rare earth 
elements and 0 ■■■ x 1 and 
said coating fiim (3) consists of an oxide con- 
taining a Ba-Cu-C oxiae as a mam component 

9. The method according to c;aim 7 characterized in 
that said base material ( 1 1 ) is in the form of a fiber 



to 
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